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Evaluation of Vibration Characteristics of Caisson-Type Breakwater
Using Impact Vibration Tests and Validation of Numerical Analysis Model
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Abstract : In this study, impact vibration tests are applied to analyze the vibration characteristics of caisson-type
breakwater, and the results obtained from vibration tests are compared with numerical simulation results considering
fluid-soil-structure interaction effects to verify the feasibility of a numerical analysis model. It is found that natural
frequencies are reduced as amount of 1.7-4.3% after additional parapet structure is added to increase the height of
breakwater, and the same results was observed from the numerical simulation study. Through the comparison, it was
verified that the vibration tests and numerical simulation study can be applied to evaluate the vibration characteris-
tics of caisson-type breakwater.

Keywords : impact vibration tests, fluid-structure-soil interaction, caisson-type breakwater, natural frequency
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Table 1. Test cases and Caisson IDs

Test cases Caisson IDs Test cases Caisson IDs
Casel 123 Case8 33 34 35
Case2 78 9 Case9 3536 37
Case3 1516 17 Casel0 36 37 38
Case4 19 20 21 Casell 39 40 41
Case5 252627 Casel2 41 42 43
Case6 313233 Casel3 42 43 44
Case7 3233 34 Casel4 44 45 46
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Table 2. Identified and calculated natural frequencies for vibration tests in 2000 (Hz)

Experimental analysis

Numerical analysis Caisson size and depth

FDD (KORDI, 2001) SSI (Present study) (KORD], 2001) of sand fill
A 5 f 5 f Size Depth(m)
Case 1 2.02 2.57 1.982(0.524) 3.720(1.153) 2.02 A 11.5
Case 2 1.51 2.74 1.748(2.332) 3.351(5.910) 1.51 B 13.8
Case 3 1.51 2.73 1.499(0.867) 2.835(2.353) 1.51 B 14.4
Case 4 1.51 2.69 1.488(0.668) 2.651(0.955) 1.51 B 14.5
Case 5 1.51 2.69 1.477(0.621) 2.672(2.345) 1.51 B 13.7
Case 6 1.66 2.75 1.608(0.601) 2.886(8.941) 1.66 B 10.3
Case 7 1.66 2.77 1.586(0.946) 2.811(6.569) 1.66 B 10.3
Case 8 1.66 2.78 1.582(0.455) 2.758(1.698) 1.66 B 10.3
Case 9 1.66 2.78 1.590(0.362) 2.781(3.680) 1.66 B 10.3
Case 10 1.66 2.78 1.613(0.632) 2.765(4.194) 1.66 B 10.0
Case 11 1.81 291 1.695(0.254) 2.972(2.195) 1.81 B 7.5
Case 12 1.81 2.94 1.750(0.309) 3.031(11.16) 1.81 B 74
Case 13 1.81 3.03 1.752(2.526) 3.510(3.788) 1.81 B 7.4
Case 14 2.10 2.56 1.957(0.413) 4.122(4.316) 2.10 A 5.0
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Fig. 7. Measured responses and stabilization chart for ambient vibration tests.
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Table 3. Identified natural frequencies after installation of parapet

Ambient vibration tests Impact vibration tests

Damping Damping
Modes  Frequency ratio Frequency ratio
Ist 1.471 4.536 1.430 2.760
2nd 2.753 6.183 2.695 0.888
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Table 4. Change of identified natural frequency after installation of

parapet
1st mode 2nd mode
Before installation (2000) (Hz) 1.493 2.743
After installation (2011) (Hz) 1.430 2.695
Rate of change (%) —4.30 -1.70
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Fig. 9. Section of breakwater and numerical modeling of breakwater after installation of parapet.

Table 5. Material properties of caisson and soil for numerical analysis

Elastic modulus (kN/m?)

Poisson’s ratio

Density (x 10° kg/mS) Shear wave velocity (m/s)

Cap concrete 2.800 % 10 0.20 2.50 -
Caisson concrete 2.800 x 10’ 0.20 2.50 -
Sea water 1.967 x 10° 0.49 1.02 -
Armor stone 2.800 x 10° 0.20 2.00 -
Rubble stone 7.450 x 10 0.40 220 -
Sand fill soil - 0.43 2.00 250.0
Bedrock soil - 0.45 2.40 400.0
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Table 6. Calculated and identified natural frequencies after instal-
lation of parapet

Vibration tests Numerical analysis

Mode Ist 2nd Ist nd
Before

installation (Hz) 1.494 2743 1.514 2441
After

installation (Hz) 1430 2695 1.416 2344

Change rate (%) 43 -1.7 -6.5 -4.0
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